Characterization of H3.3 and HIRA expression and function in bovine early embryos.
Histone variant H3.3 is encoded by two distinct genes, H3F3A and H3F3B, that are closely associated with actively transcribed genes. H3.3 replacement is continuous and essential for maintaining correct chromatin structure during mouse oogenesis. Upon fertilization, H3.3 is incorporated to parental chromatin, and is required for blastocyst formation in mice. The H3.3 exchange process is facilitated by the chaperone HIRA, particularly during zygote development. We previously demonstrated that H3.3 is required for bovine early embryonic development; here, we explored the mechanisms of its functional requirement. H3F3A mRNA abundance is stable whereas H3F3B and HIRA mRNA are relatively dynamic during early embryonic development. H3F3B mRNA quantity is also considerably higher than H3F3A. Immunofluorescence analysis revealed an even distribution of H3.3 between paternal and maternal pronuclei in zygotes, and subsequent stage-specific localization of H3.3 in early bovine embryos. Knockdown of H3.3 by targeting both H3F3A and H3F3B dramatically decreased the expression of NANOG (a pluripotency marker) and CTGF (Connective tissue growth factor; a trophectoderm marker) in bovine blastocysts. Additionally, we noted that Histone H3 lysine 36 dimethylation and linker Histone H1 abundance is reduced in H3.3-deficient embryos, which was similar to effects following knockdown of CHD1 (Chromodomain helicase DNA-binding protein 1). By contrast, no difference was observed in the abundance of Histone H3 lysine 4 trimethylation, Histone H3 lysine 9 dimethylation, or Splicing factor 3 B1. Collectively, these results established that H3.3 is required for correct epigenetic modifications and H1 deposition, dysregulation of which likely mediate the poor development in H3.3-deficient embryos.